Fifty-four Enterococcus faecalis and 20 Enterococcus faecium isolates from clinical and non-human sources in Rome, Italy, were characterized by antibiotic resistance and pulsed field gel electrophoresis (PFGE). Resistance to vancomycin, teicoplanin, ampicillin, and ciprofloxacin was more frequent in E. faecium than in E. faecalis, whereas high-level resistance to aminoglycoside was found primarily in E. faecalis. Multi-resistance was found primarily among clinical isolates, but was also observed among environmental isolates. Common genotypes shared among clinical and environmental isolates were observed, however, the majority of isolates occurred as unique, sourcespecific clones. Several PFGE types were associated with shared features in their antibiotic resistance patterns; evidences of clonal spread between and within wards were also noted. This is the first report indicating clonal relatedness between human and environmental enterococci isolated in Italy. ß 2001 Published by Elsevier Science B.V. on behalf of the Federation of European Microbiological Societies.
Introduction
Enterococcus faecalis and Enterococcus faecium account for greater than 95% of enterococcal infections in humans [1] . Enterococci are listed as the third/fourth cause of nosocomial infections [2] and there has been a rapid increase of glycopeptide and high-level aminoglycoside-resistant strains [3, 4] . Fortunately, vancomycin-resistant enterococci still remain scarce in Italy [5] . Enterococci are also commonly isolated from non-human sources [6] . Elucidating the genetic relationships between human and non-human enterococcal isolates provides valuable information concerning the epidemiology of enterococcal infections. Pulsed ¢eld gel electrophoresis (PFGE) has gained wide acceptance for establishing clonal relatedness within many bacterial species including E. faecalis and E. faecium [7^9] .
In this study we determined the prevalence of di¡erent species of clinical and environmental enterococcal isolates in Rome, Italy. We compared the antibiotic resistance pattern and PFGE pro¢les of these strains and documented numerous clonal types, some of which were found both in human and environmental isolates. Certain clonal types were associated with common features in drug resistance patterns.
Materials and methods

Isolates
Sixty-four isolates of enterococci were recovered from 20 di¡erent wards of three hospitals in Rome during a 3-year period (1997^1999) and 26 isolates were recovered from environmental sources in the same period. The initial isolation from environmental samples was done on bileesculin azide agar incubated at 35^37³C for 24 h in 5% CO 2 ; three colonies were randomly picked from each plate and identi¢ed to species level. Five out of the 64 human isolates were from the normal £ora of healthy individuals, three being isolated from the oral cavity of healthy carriers, and two being part of the vaginal £ora. The remaining 59 strains causing disease were from urinary tract infections (UTI) (12 isolates), from biliary stents (21), from the blood or endovascular devices of patients with endocarditis or endovascular infections (19) , from surgical wound infections (two), from abscess (1), from ascites (one), from urinary catheter (one), and from a subhepatic drain (two). The 26 environmental isolates were recovered from seawater (eight), wastewater (12) , and wells (six) in the same city. Seawater specimens were collected far from wastewater outlet. Wastewater samples were in the catchment area of the hospitals considered.
Identi¢cation
Isolates were identi¢ed to the species level according to standard biochemical tests. In cases of uncertain identi¢-cation by the routine phenotypic tests PCR was performed using E. faecalis-and E. faecium-speci¢c primers as previously described [10] . PCR results were resolved by electrophoresis on a 2% agarose gel containing 0.5 Wg Wl 31 of ethidium bromide.
Antimicrobial susceptibility tests
Fifty-four E. faecalis and 20 E. faecium isolates from clinical and environmental sources were tested by using the Kirby^Bauer or broth microdilution system according to Swenson et al. [11, 12] . Antibiotics tested were ampicillin, vancomycin, teicoplanin, tetracycline, cipro£oxacin, chloramphenicol ; high-level resistance (HLR) to gentamicin and streptomycin was also assessed. Isolates showing intermediate levels of susceptibility were classi¢ed as resistant.
PFGE analysis
Chromosomal SmaI restriction patterns were determined as previously described [13] using the 74 isolates 
Cluster analysis
PFGE types were analyzed with Bionumerics software for Windows, version 2.5 (Applied Maths). The DNA banding patterns were normalized with lambda concatemer ladder standards. Comparison of the banding patterns was performed by the unweighted pair group method with arithmetic averages and with the Dice similarity coe¤cient. A tolerance of 1.5% in band position was applied during comparison of the DNA patterns.
Results and discussion
The majority of clinical isolates were recovered from UTI (12 isolates), from biliary stents (21 isolates), and from patients with endocarditis or endovascular infections (19 isolates). Among the 64 human isolates of enterococci the most prevalent species found was represented by E. faecalis (Table 1) ; of the 26 environmental isolates, E. faecalis, E. faecium, and Enterococcus hirae were the predominant species. PCR allowed species identi¢cation in 10 cases (¢ve E. faecium and ¢ve E. faecalis) where biochemical tests were unclear (data not shown). Table 2 summarizes the antibiotic resistance pro¢les found among the E. faecalis and E. faecium strains analyzed in this study. Only four isolates (two E. faecalis and two E. faecium) were found to be vancomycin-resistant, three of these being human isolates. The environmental E. faecium resistant to vancomycin was also the only teicoplanin-resistant strain found in this survey; it is noteworthy that this strain was also multi-drug-resistant. Our data con¢rm the low incidence of glycopeptide resistance in Italy among clinical enterococci, and are in agreement with results described in a previous surveillance study [5] .
Multi-drug-resistant isolates were found from both human and environmental sources (Tables 2 and 3 ). Three ampicillin-resistant environmental isolates, all genomically unrelated E. faecium strains, were found. The results of this survey indicate that multi-drug resistance is common among clinical isolates of enterococci, and in agreement with a previous report [15] it is found less frequently among a variety of non-clinical human and environmental aquatic sources. Interesting to note that four out of seven E. faecium aquatic isolates were resistant to at least three di¡erent antibiotics versus only two of eight E. faecalis multi-resistant environmental isolates (Table 3) . We did not observe a high prevalence of HLR among environmental isolates, in contrast to a previous report [16] ; however, it must be underlined that the number of strains examined in this study is much smaller than that in the referenced study.
Fifty-four E. faecalis isolates and 20 E. faecium isolates were genotyped by PFGE to explore clonal relatedness of strains from environment and humans ( Figs. 1 and 2 ). Among molecular methods used for subtyping bacterial species, PFGE is considered one of the most reliable due to its discriminatory power, sensitivity and reproducibility [7^9]. Several reports described molecular typing methods useful for epidemiologic surveillance on vancomycin-resistant enterococci [17, 18] ; the same methods, other than PFGE, proved to be non-appropriate or less reliable for accurate clonality studies on vancomycin-sensitive enterococci [7^9, 17, 18] . For these reasons we chose PFGE to genetically compare our clinical and environmental isolates of enterococci which only rarely showed glycopeptide resistance. Wide genotypic variability was found among the clinical and environmental isolates of E. faecalis and E. faecium. Twenty-four di¡erent PFGE types and 42 subtypes among E. faecalis strains, and 15 pulsed types with 18 subtypes for E. faecium isolates were identi¢ed (Figs. 1 and 2, Table 3 ). The majority of isolates clustered as source-speci¢c clones, although examples of common PFGE types shared among clinical and environmental E. faecalis isolates occurred. Among E. faecalis isolates, 10 of the 24 PFGE types were shared between at least two or more isolates and 14 unique PFGE types were found (Fig. 1) . All the 46 E. faecalis clinical isolates grouped into one of 19 PFGE types, whereas eight di¡erent genotypes characterized the eight environmental isolates (Fig. 1, Table 3 ). Types 3, 9, and 17 were shared between clinical and environmental E. faecalis isolates, with one isolate recovered from wastewater sharing the identical PFGE subtype 3 with two urinary isolates (Fig. 1, Table 3 ). This suggests the spread of environmental strains into human facilities and vice versa. Twenty-one out of 46 E. faecalis isolates recovered from humans clustered in only four PFGE types (1, 9, 14, 17) , representing 44% of all human E. faecalis strains examined (Fig. 1, Table 3 ).
More genomic variability was seen among the 20 E. faecium isolates that were subjected to PFGE (Table 3) . This was especially apparent with environmental isolates. Each of the seven environmental E. faecium isolates displayed a unique PFGE pro¢le, while eight PFGE types were shared among the 13 clinical E. faecium isolates (Fig. 2, Table 3 ).
Consistencies of antibiotic resistance patterns were observed within several PFGE types. Among E. faecalis, a majority of isolates within PFGE types 1, 16, 17, and 18 were characterized by HLR, and also were resistant to tetracycline, cipro£oxacin, and chloramphenicol. PFGE types 3, 9, and 15 were uniformly sensitive to high-level aminoglycosides (Table 3) .
Interestingly, PFGE type 1 was exclusive of biliary stent group, and accounted for six of the 13 isolates (Table 3) ; as all six isolates were recovered from patients hospitalized in the same ward, undergoing the same invasive procedure, this is suggestive of a ward-associated clonal spread [19] . E. faecalis isolates recovered from UTI were mainly PFGE types 3 and 14 (Table 3) . Several examples of isolates within the same PFGE type from di¡erent wards of the same or di¡erent hospitals were found.
To our knowledge, this is one of the few studies examining the clonal relatedness between clinical and environmental enterococci. Little data have been reported from Italy regarding antibiotic resistance of enterococci from environmental sources ; genetic relationship of Italian clinical and environmental enterococci has not been previously described. We have found genetically related clusters of strains from di¡erent settings. Establishing environmental origins and direction of spread of such strains will require further investigation. the cluster analysis. This work was partially supported by the Italian Ministry of Health, Project 1%`Interactions between opportunistic pathogens and biomaterials in the pathogenesis of prosthesis infections' (ICS 080.1/RS 98.43) to L.B., and by`Finanziamento progetti di Ateneo 60%', University`La Sapienza', Rome, Italy, to G.L.
